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•Certair Characteristics of Ueldirg Titan'^ium.under Flur, 

S, Gurevich 

Explained are laetallurgicel end teduiological characteristics of automatic weld¬ 
ing of titeiium under flux • It is shown* that curing flux-slag reaction with the 
n^tal are possible interchange reactions of titanium and its oxides with components 
of oxygexk-less flux* 

Discussed are the characteristics of loelting the metal and the thensal cycle in 
the near-seam zone during the welding of tltaniuau 

1. Reactivity of titanium and the requirements for the flux for its welding 
Titanium at high temperatures react energetically with atmospheric oxygen and 
nitrogen* Oxidation of titanium begins at a temperature of about 600®C. Up to this 
temperature the metal is protected by an oxide film*v;hich firmly adheres to the sur¬ 
face of titanium* since it has a structure* sirrdlar to metal. Ihe most intensive solu^ 
tion of the oxide film in titanium* is accompanied by the most intensive diffusion-of 
the oxygen in the interior of the metal* and it begins at a temperature of about SpO^C* 
Solubility of oxygen in titanium reaches 3c V*I*Arkharov and G*P«Luchlcin 

established that the nitrogen existing in the air speeds up the oxidatioa of ti* 
tanium. 

The reaction of titanium oxidation folia»>s at zDeximum rate in comparison with 
its reaction with other gases. And so* the rate, of titaniuip/oxygen reaction is 5^ 
times greater than with nitrogenpj* The greater affinity of titanium to oxygen tthan. 
to nitrogen* is confirmed also by calculated data * given in form of graphs in fig*!* 
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Thv 0rnpha show a cbAUga la free energr cf titanlun oxide and nitride formation in 
dependence upon teoperature ^ reactions^wnich in connection vith the calculation per 
1 e-a of titaniua are considered us in the following aanhari 


Ti + yOi^TiO. 

(1) 

Ti-ryNi^tTiX. 

(2) 


In fig#l are also shown for cociparisai graphs for the cha:-ge of free eneray of 
reaction of I g*a of iron in solid and liquid states with oxygen and nitrogen^ 

It is evident fron: the ^aphs « that the activity of titanium during reaction with 
oxygen and nitrogen is considerably higher than the activity with these gases of iron« 
the weldiug of alloys of which has been well investigated* Tne ^aphs also shm that 
in this process is preferably fonaed titanium oxidot because the absolute values of 
free reaction energy (1) greater than the valdes of free reaction energy (2)* 

But the negative values of free reaction energy of titanium with nitrogen are also 
high and indicate greater reactivity of the xnetal with this gas* 

A^he titanius/xiitrogen reaction products * nitrides dissolve easily in metal* 

A sharp rise in the rate of reaction of titanium with nitrogen is observed at temper^ 
atures of over 600 ^C* 




Fig*l*rree energy of foraation of tits- Fig*2*J^ee energy of formation of titaniua 
n4»T*i ixofll oxid^^ nitrides carbides and sulfides* 
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is they 

Very blghVactiTity of titanium with respect to liydroson. Solubility cf hydro^n in 
titaiiium reaches 23 (atoioic percentages) )6^and exceeds iy thousands and tens 

of thousands of times the solubility of hydrogen in iron# 

Utaniua is hi/jhly active duriOg reactions with sulfur and phosphorus (over 1000®C) 
as result of which are formed sulfides and phosphides. It is also capable of directly 
combining itself with carbon and silicon with the formation of cerbides and silicides# 
Because of low carbon solubility in titanium the content of several tenths of a percexlt- 
age of carbon leads to iftie formation of carbide and to brittleness of the metal* 

The results of calculating the values of free energy of foriaation of titanium and 
iron carbides and sulfides^given in fig.2*in form of t:-raphs,shcw, that the activity 
of titanium with respect to carbon and sulfur considerably exceeds the activity cf iron 
to these elements* 

The brief description of the reactivity of titanium given above shows, that the 
flux for its welding should be confronted with higher requirements* 

It is knwn, that flux-slag in the process of automatic welding of steel,do well 
protect the seam metal against the harmful effect of atmosphevlc gases* In the case 
of welding titanium such an insulation of the seam against air is necessary,but . 
insufficient. An obligatory condition for the obtaiiinent of a qualitative seam is 
the absence of the acidizing effect of flux on the metal. It is also i:::portant,that 
the flu:c should protect seams against hydrogen saturation and it should not centandr 
nate it by harmful admixtures - carbon, sulfur and phosphorus* 

The high melting point of titanium brings forth the need ;far high mltabillty of 
the flux. Finally, as any other welding flux^ fltLx for titanium should assure a 
stable welding process, excellent formation of seams^ absence in the seam of defeeta- 
porea, slag inclusions, cracks etc* 

Existing fluxes for steel and a number cf non-ferrous metals and alloys (e*g* 
aluminum alleys) are unsuitable for welding titanium* Txey either contaxsinate the 
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iiietal of the seam with hiTisful adrdxturea» first of all o^gen, or they e:ctreziely low* 

melting* 

It is prohibited to introduce into the coeposition fluxes for titanium silicon^. . 
manconcse oxides and even such highly stable o^des as aluzninum^zirconium and tita 
nium oxides* 

Positive results can be obtained only by using for titaniua fluxes, containing no 
oxides^ Such oxygen-free fluxes are obtained by melting laost high luting fluorides 
and chlorides of alkali and alkali-earth metals* 

2*iietallurgical Cbarecteristies of Velding Utaniun under Flux 

j 

Includein the number of i.jportant metallurgical characteristics of welding bl¬ 
under flux is also the reaction of the metal of . the welding bath with flux-slag* Fner^ 
modynamic calculations, as well as certain direct investigations shew that two types of 
reactions are possibles a) reaction of Ti with flux cooponeute and b) reaction of ti~ 
tantuzn oxides with the flux* 

As examples are given below calcxilations of free reaction energy values of I 

I j 

both types for three conponent systems consisting of most high melting fluoride and 
chloride of allcali-earth netals-CaF 2 and 3aCl2 and fluoride of alkali metal - NaF* 

Basic reactions during the interaction of liquid titanium with the mentioned 
cceiponents can be written in following forms 

f u-f-2CaF5.^ ^ 2Car„-f TiF4r«. 

-r 4NaFjK ^ 4Nara3. “rTiF4rM, 

Ti« + 2BaCl2.^2Bar„ + TiChr,,. 

To calculate the free eneror of these reactions were calculated the values of heatsj | 
of formation entropy (^ 298 ^ liquid titaaiicn at standard conditions* ' 

The calculation of heat of formation of liquid titanium at standard temperature | 
of 293 % is dox^ in the following runner tsolld titanium is heated to the point of melt. } 

:ing-melting»bypothetieal quenching of liquid Tl to a temperature of 298 %* viien eal^ 
culating were accepted the following thermophy^ical constant of titaniums 
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laeltin^ point l 660 ®cf 7 ^, latent tenperature of foraaotioa 45^0 cal/aol ][83 • 

Specific heat of 3 olid titanium vas calculated by e'quationi Cp * 5f25 ^ 2,52 • 
10*^ T cal/Qol«de{??ee ( 6 )| 8 ^# , 

Specific heat of liquid titanium was acceptes as equalling 3 cal/iaol*de^oo^J^ 
A siuilar calculation, for liquid titanium gives 

/il^ 58'^3670 cal/aol 

Tae entroKf of liquid titaaiusi ^03 will be calculated by an analospus cycle x 

1 ) entropy of solid, titanium 7»3 cal/aoi«de.^ee^Jj 

2) rise in entropy at a rise in temperature to the melting point of Ti l660®C 
( 1933 ^ is determined by equaticaii 

•i5i = Cp -^ = |* (5,25 -j- 2,52 • 1 0—'*T) -- 13,93 a'c>i.^o^6 • ^^ 

3 ) an, increase in entropy d^l^ing the melting of titanium 

AC 4500 g^/^’ jtM r H ’ 

~r ^3 “ Jtojib'Zpadi L ^ 

4) cliange in entropy under conditions of quenching liquid titanium to standard 


temperature 


208 

dT C ^dT 


dSn “ j ■y”“ ^ ^ T~ ~ —14,95 KaAUiOAt'Zpad, / 

T 1033 ^ W 


The entroi^ of liquid titaniina at standard conditions will be 
(•52.8^- = (SJ,s)r. -r -f- dS, ^ A5n == ^3 j i 3,93 

-f 2,33— 14,95 = 8,61 ^^tfMOAh-zpa^ (p (j^ 

Basic data for the calculation of thermal constants of other liquid substances, 
participating in the reactions' (3)t (4) (5)* were thermophysical constants for 

solid substances which ^^ere used by^,lo2* Calculations were made in accordance'with 
the cycle» analogous to the one described above*. 

The value for TiT^ was accepted in conformity with experimental data of 

- 19 ov. To transpose into kilo-calories was accepted the coefficient 23*066 

^0^. The entropy of gaseous^lFj^ at standard conditions was foumi from equation,valid 
for polyatomic gaseafSY* 
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T 0,34M — 6,2-10"^Af*, * 


(•> 


vhcre M • molecular weight* 

Thenaal constants of the substanee8« participating in reactions (4) and (5) 

are listed in table I* 

Table !• Thermal constants of substances*participating in reactions 
(3)# (4) and (5) 


Substance 


<\ %98 cal/mol 


Ti. ii. 

CaF^ / 
Ca, 


Tip, 


ra3 


*r*3 m 



Ba, 


TiCL 


r., 




3670 
-►277030 
•42G0O 
—438000 
— 104400 
25950 
—200000 
.490000 
—180500 


cal 


8.G1 

27,51 

’37. 

71J 

15.6 
36.72 

34.6 
40,67 
64.4 


^98 

l/^U 


Source 


deg 


Calculation 

ditto 

Doji} 

calculation 

Ooj 

calculation 


Substituting the thermal constants in eqmtion of free reaction energy 

AF = Ali — TaS, ^ 

we will obtain values*given in fig#3 form of graphs* It is evident froa this draw.- 
ing*tliat titanium should not react ^vith. calcium fluorid^nd the more so with bariiua 
chloride. But the reaction of titanium with sodium fluoride sliould be very intensive# 
Ibis is indicated by the {^ccater negative values of free reaction energy^^. 

In this way* thermodynamdc calculations shew the possibility of recovering so¬ 
dium froO sodixiEi fluoride by titaniina* This a Is o* appar ently* * explains the modifying 
effect which flu:c is exerting on the titanium seam* ejfluz containing sodium fluorideY^ 
Reactions of second type at temperatures of over 1000can be presented in 
lowing fcormi 


TiOst* -f 2CaF2{^..,.)^ 2CaO„-i- TiF*,,,. 
^ Ti02T. + 4NaFiK 2NaA. + TiF4ra,. 
TiOrr. 2BaCb*, 2BaO„ + TiCUr.*. 


(0) 

( 10 ) 

01) 


Possible arc also reactions of the type 

3Ti02,,+ 2CaFn(«.T.)^2CaTi03r. + TiF4„^^^ (12) 

However calculations show* tliat they do not bring in any principal changes into 
the thermodynamic characteristics of titanivua oxide reactidsis with fluorides and 
rTi)-Tiu 63 - 22 /i-i 2 6 
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chlorides. Cojasoqueatly to eraluate the possibility of the reaction taking placs it 


Is sufficient to coejpare nonotypical reactions (9)# (lO) (!!)• 

In table 2 are ^ven thcrrail constants of substances^pcrticipatlng in these reao* 


tiOQS. 


Table 2® Thermal constants of substancestparticipetinc in reactions 
(?)• (10) and (11) 


J Substance 


^ V 

ca I/mol 

1 —2255'30 


’•=598 


'98 

/iDOl.C 


V. Source 


\ '-“2255-DO 12.0 I I8j 

i —290300 le.-iS [81 

CaOi, • j —151900 9.5 1 [6] 

NacO^, * I — ICO-IOO 17,0 (81 

BaO„ 4 i —133-;00 16,6 112J 


Results of calculatiJ4> fisC oi C9)»(i0) und (ll) are given in 

figsll# 

Graphs show, that at high temperatures (over 1000 - 1100®C) are possible titanium 
oxide reactions vith fluorides and no reaction with chloride. The correctness of the 
calculation is confirmed by data froEi^3j* which are given certain results of calcu-- 
lations of TIO^ reaction vith fluorides. It should be laentioned, that the solubility 
of titanium oxides in fluorides also exceeds their solubility in chlorides |^tl^ * 

It is evident from thermodynamic calculations«that the components of CaF2 
iftiF flux may eater into reaction with titanium oxide. Ibis property of the fluxf 
together vith its ability to dissolve titanium oxides»appears to be highly 
able; it« apparently^ plays an important role in protecting the metal of the seam 
during the voiding against oxygen cpntazninatioxu 

The dissolving of titanium oxides in flux is indicated by the dark-gvaish color of t 
solidified slag crusty characteristic for Ic^^er oxides of titanium. Chemical analysis 
of the slag crust enabled to establish the presence in it of alkali oxides^which in* 
dicate that the above mentioned interchange reactions betveen flux«slag and tita* 
nitm oxide haa actually taken place. 







energy of titanium reaction Fig.Z^, Free energy of titanium oxide reae* 
vith i«aFtCaF 2 BaCl 2 tion with CaF 2 and BaCl 2 


I / 

4NaFimr-lNar^TiF4rft, 

/ / 

^-Tii'+2CaFi4m:2Car^TiF4ral. 
3—Ti;l^2B3CI.I-2Bar*ft-TiCli,3. 


y— TiO;?.'+4NiFiL2N'asO?J+TiF4r^S!^ 

2—TiO«ri*4"2C*'iF-ia(.7^t^H2CjO^?^TiF4rSf 

r 1 mC Aoit/ 

3_Ti02„+2BaC!:K —2BaO.'VTTiCl4ri* 


The nature of the discussed flux«>slag reactions with the inetal allows to xaakB the 
following conclusionsj 

a) frcm the viewpoint cf most ccainplete ]3etalliu*"ical reaction bet'.v'een flur and Tl 
and its oxides in the composition of the flux it is desired to have a naximum azaount 
of fluorides and a minimum of chloridesi 

b) of the fluorides in .the role of flux ccnponents are most suitable the ones^ 


which together v/ith the high melting point possess TDaxiraan ability to react with tl* 
taniuza oxides* . 

But investigations shov/ed* that flux^consisting of fluorides only» does not possess 
the required technological qualities* Better results are obtained by substituting xwt 
of the fluorides with chlorides* 

As to protecticn of seam metal against contamination with nitrogen and hydrogen 
then as shacn by numerous investigations^ flux in the ^ocess of welding reliably 
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isolates the v;elding bath and reraeining parts of the cean and near scan zone against 
harzaful effect of ataorpheric gases. This is indicated by results of gas analyzing 
sccun laetal of technical titaniun with a thiclcness of 2»0 and listed in table 

3. In the table for the purpose of ccapeting’ is given the content of basic admixtures 
of the welded metal. 

Table 3» Content of basic admixtures in welded seains of tec*ui«titaniuti 
made under AIJ-H fljux 

Hectrode of the Yory sane cotii/osition as basic loetal 


Tliickness of lietal _ Content of adnixtures.vci/tht % 


metal.mm 

h'itrogeri 

Cxygen 

hydrogen 

Carbon 

Jf. o 

Basic seam 

o. 

C ^ OJiS 

O- 

C.'73 


C’O^ 

C.06 


Basic seam 

C^0^7 

0^030 

o- O'}S' 

1 O- 0/^ 
0-0'^ 

oc>(^ 

£>.€</ 


Tlie anounts of hydrogen in the seam iiietal.as indicated in table 3# can be obtained 
only when using dry granulation flux. Use of v;et granulation flux leads to a notice¬ 
able rise in hydrogen coi^tent in the seam (increase by 3 

3* Technological Characteristics of h'elding Titanium under Flux 
a) Characteristics of tlemal cycle in near seam zone and laeltings of bosic metal. 
Titaniijm has lew heat conductivity, which is almost 4 times lower, than in steel. 
Consequently, v;hen v;eldin£^ titanium there is less energy loss,than dinging the welding 
of steel. In addition, concenixated welding heating leads to a yricat considerable tem¬ 
perature gradient,with which the grov;th of internal stresses is connected. This Lzust 
be taken into consideration when selecting optimum cenditiens for v/elding titanium 
structures. 

!Ihe low heat conductivity of titanium.is reflected also on the thermal cycle of 
the seam laetal and the near seam zone. 

We will uiake a comparative evaluation of thermal cycles in the near seam zone 
for titanium and steel. Since in the near seam zone of titanium and its alleys do 
occur martensite conversions, it is of interest to make such a comparison with allcyed 
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hardening ctcel^fcr which the conversion kinetics in the zone is also nartensitic* 

Ve shall determine by calculation what distinguishes the rates of quenching in the 
near seam zone of titanium and steels, We adopt a most sicflo case of calculation- 

building up of a roller osja thick sheet. Ihe instantaneous rate of quenching for this 

• ^ 

case is determined from equation 


2-1 (7-^ro)" 
qiv 


(13)- 


where lambda-coefficient of heat ccnductica, cal/cm.sec*®C; T - instantsoeous temper¬ 
ature in the given point of near seam zone, °C; - initial temperature of the zactal« 

®C 5 effective thermal force of the arc; v-rate of welding. 

At various losses of the driving energy during welding, i.e. at identical q siid 
v values* the ratio of the quenching rate for steel to the rate of quenching of 


titanium ^ can be detexuinad from expression 

^ icT(r-ror- 


(14). 


x,(r-7o)» ■ 

We accept the value of the heat conduction coefficient* for alloyed structural 
steel ^ = 0,10 cal/crwsec ®C^cn» ^*0 technical titanium^ O .033 cal/cn.sec ®C 




We will find the ratio of quoaching rates for two temperatures* l) close to soli¬ 
dus and 2) near the point of martensite coirversioii* 

v;e assiane that = 20®C* for steel Xaelt ” IjOO^C, for titanixiza - l66b®C# 

thenefor the first calculated temperature 

0,10* MS02 


1.033-1640= 


to, 0, 

Having accepted approximately for alloyed steel an initial martensite conversion 


tenpcrature IJ- = 4^^ C and the very same tenp^ature for titanium alleys |22j ve will 

obtain for the second calculated temperature 

0J0-38(7 M 

<*>T 0.033*3802 ^3,0. 

In this vay* the rate of quenching in the near seam zone of tltaniuzn*at other 
conditions remaining eqiual, is approximately 3 times lcwer*than in steel* 

Ther^l calciilatiox^ by K,iI.I^kalin shew* that approximately* by as many tiraa 
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for tltaniuis^ as cooporcd with steal* is increased also the tine the netal of the near 
isedm zone regains in the zone of high temperatures* 


GW5 MOI 
. REPkO^yCiBLE 


passage butt seam of technical titanium with 
c> thickness of 10 nm X 1*8 

Slowed down quenching of near seam zone • particularly in the range of martensite 
conversion temperatures* has a favorable effect on the final proijerties of this 
structural section of welded joint*because it leads to a reduction in vcltnaetric 
structural streirses* 

As to the duration of netal exposure at high temperatures and ^ain growth in 
the overheated section of the near seam zone connected with it* then this factor cust 
be taken into consideration when selecting optiimm welding conditions of various types 
of joints* Titanium is capable of grain growth when heated to above critical temper^ 
atxires, i*e*in the zone of /^phaBe^ The growth of grain in the near seam zone of ti¬ 
tanium may lead to a reduction in strength and plasticity of welded joint |i6^* 

It is therefore necessary to avoid the use of conditions with ertreraely h±(^ losses 
^of driving energy# (linear energy)* 

.The selection of conditions fcr welding titanium iinder flux with minimum valties 
of linear energy is facilitated by the fact* that thanks to specific physical proper^ 
ties of the metal it is possible to obtain the necessary melting depth at relatively 
low welding currents* and also thanks to the possibility of welding at greater speed 


I2> rn 

0.1ijla'okin[ 17 ]showed that the depth of laeltlng at given welding cxirrent depends 
basically upon the specific weight of welded metal and is not connected with its 
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Leat conduct iTitsr# 



^haaks to this during arc welding with uni- 
forn welding currents the depth, of aolting 
eluEinua is approximately three, times ^eater 
than that of steely which corresponds to the 


|l7j. 


ratio of specific weights of these netals 

Conclusions made J're fully confirzoed 

also for the case of titanium velding.And 

so at a single pass welding under flux of 

10 mm thick sheet steel is necessary a wel^L. 

ing current of 750 anp [ 18 ^ .A titanium butt 

seaiL of very same thickness can be veldod 

at a current of 45 O aiap,(fig,3),Iii this for 

Fig,6«^out fer autcanatic welding ’vith titanium is required a current approxinotely 
titanium electrode wire, 

l-holder; 2-body; 3-push rod; 4-sprinet I*? times lower, than for steel of rery same 
3~clanping washer; 6-fixing screw; 7*’ring 

&>tip* thicioiess* Tiie specific weight of titanium 

is also 1«75 times lower than that of steel* 

But the heat conductivity of titanium^ as we have shown above* is approximately k tirn^s 


lower than in steel* 

b) Need of Welding with Snail overhang of . the electrode 
Seme technological features of welding titanium under flux are connected with the 
use of titaniiim electrode wire* In this case the necessary condition for a stable welJL* 
ing process and good formation of seam is to provide a constant small CTverbang of ils 
electrode. Titanium possesses higher electro-resistance^* exceeding this characterisHc 
for lor by almost 6 times* Consequently a greater overhang, at current densitie^s. 
characteristic for automatic welding imder flux (tens of amperes per square millimeter)^ 
leads to overheating the electrode tip and disruption of welding stability* In addi«w 
tion» the heating of the electrode^ goin^ into the zone of welding* to temperatures 


12 
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of OTer kOOm^oO^ is undesirable, because the filler rsetal beecoea ccntaninated with 
gases. Sven a snail change in the overhang in the process of welding (c.g. as result 
of absence of eontstant contact in the spout) causes noticeable arc voltage fluctuations 
end reduce the quality of seam forn:ation. In this case seam defects appear in fora 
of undercuts. 

Cptlmum overhang values for electrode titanium wire of various diameter are given 
in table 4# 

To wsld with an electrode titaniLun wirejof small diaiseter - 1.2 - 2*5 nan the Ye.O. 
latton J^ectrowelding Inst.at the Acadeii^ of Sciences Ukr-SSR develo^Vs a tubular 
spout of special construction (fig.6}. 

The feature of the spout is^ that it reliably assures overhang constancy. Hiis 
is attained by constantly adjusting the electrode wire to the copper tip of spout 8 
with the aid of spring 4# pusher rod 3 clamping disk5/« 


Table 4* Optiiaum overhangs of electrode titanium wire 


Dianieter of electrode 
wire, mm 

/•;?-/ 4 



J.O'VC 

So 

Overhang, mm 


//- / V 





c) protecting Reverse Side of Seam with the Aid of Flux 


As is rmown, an obligatory condition for the obtainment of a qualitative titanium 
seam is protection againt the harmful feet of air not only of the welding'bath.but 
also all sections of the metal, the heating of which reached in the process of welcL^ 
.ing temperature of l^OO^^OO^C^ In the practice of welding titanium details are known 
cases, where <ren with good protection of the welding zone low quality of the welded 
joint was obtained because of insufficient insulation of the reverse side (roct)of 
seam from the air# 

At present, time are applied the following xoethods of protecting the reverse 
side of the seam s 

1) close adherence of welded edges to steel, copper or aluminum baeklngi 
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2) u3iT)g backings vith holes or raade of porous xaaterials (e«g#porous br oT tte)» thrcu^ 
vhlch inert gas is fed; 

3) passing of inert gas through the interior of welded yessel. 

The first and second methods are applicable only in cases when the reverse side 
of the seam is accessible for placing the backings. The third methods has certain limi¬ 
tations. Consequently,the problem of protecting the root of seams, for which the plac¬ 
ing of backings on the reverse side is difficult or impossible, remains so far unsol¬ 
ved (seams of curvilinear conl'igiaration, jointing of details under acute angle etc)^ 

The development of technology for welding titanium unddr flux gave a new way for 
Eolving this problem. It v;as found, that reliable protection of the reverse side of 

a titanium seam can be obtained by employing the practically known laethod of welding 

f iney 

steel - flux padding. Good results for titanium were obtained by using/ 
flux as a padding* 

Investigations have shewn, that single pass welded joints of 4-10 mm thick tech- 


hical titanium, made under AIJ-Tl fluixjpn a flux padding, have fine plasticity and tena¬ 
city. The content of harmful admixtures in the seam metal does not exceed their amount j 

in seams,welded under flux and protected on the reverse side by a copper backing with 
argon blasting. 

The retention of the flux to the weldsd edges can be realized by various nethodsi 
by placing the object on a flux padding,fluxbeIt backing etc. In difficultly accessible 
places good results are yielded by gluing on to the welded metal from the side of seam 
root special pockets of dense fabric, in which the flux dust (AN-11 flux) (siftings 
froo the grinding of fliix) are accumulated* 

Conclusions 

‘ ' ! 

‘ . I' 

1. Fliix for welding titaniiua as result of its specific physico-chemioai properties ' 

I' 

should be oxygen-free and have a sufficiantly high melting point. ! 

2. One of the isiportaat metallurgical features of welding titaniua under flux is the 
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reaction between flux^slag and the laetal# 

, As result of this reaction are possible the recovery of sodiuni from sodiun fluo¬ 
ride ax^d interchan^ reactiona between titanium oxide axxd certain components of the 
fluz» mainly fluorides# 

3# Thanks to the low specific weight the melting of titanium^ at identical welding ^ 
ccaditionst is 1#3 2 times greater than in steel# As result of low heat conductivity 

the welded thermal cycle of the seam and near seam zone for titanium, in comporison 
with steel, differs by reduced )2-3 tizaes) rates of quenching and increase in time 
the seam metal and .near seam zone are ex^josed to higher temperatures# { 

4* iXie to the greater electric resistance of titanium electrode v;ire the welding 
can be done with the use of small electrode overhangs. The tubular s^-out of nev; construc¬ 
tion allows to weld with titanium wire of sznll diaiaeter with the assurance of low 
overhang. t 

5# The effective method of protecting the reverse side of single pass titanium 
seams is the use of flux padding#. 

literature ^ 

i 

1#S#M.Gurevich,Welding of Titanium And its Alloys,iublication of DOi-i Tfekhniki 
Leningrad, 195 6 

2# 5.M#Garevich A S#Y#I^ishebenko,Automatic Slectroarc V/elding of Ti^tanium 
AvtomaticheSkat’S Svarka L’o#5»1956 

3# P.Zhrlich. Contributions to the Chemistry of Titanituns# Journal for Inorganic 
Ch 0 mistry, 247 t 1953. 

4# V.I#Arkharov and G.r.&icbkin # On the fjarticipation of Uitrogen in the Process 
of High Temperature Titanium Oxidation in Air, Doklady Akademii Nauk SSSR,!; 0.691952 

3 # L.S*Hichardson and H.J,Grant, Reaction of oxygen and nitrogen with titanixjra 
from 700 to 1C50®, Journal of metals, Vol. 6, Sec. 1, Nr. 1, 1954. 

6# V#N#Yeremenko, Titanium and Its Alloys. Izdatel*stqo Akademii i^uk SS2R,1955 

7 ^ ?. H, Schofield, A.?. Bacon, The Lielting point of titanium "Journal 

of Institute of T.'etais", Vol. 82, Nr. 4^ 1953. 

8# O.KubashevskiyA Ye.Svans,Thermochemistry in ^^tallurgy,I«t^llurgizdat #1954 

9# ••..Titanium,General Heference Book, in Inorganic Chemistry,Systeffl Ho#4Itl953> 

10# B#V#Britske,A#F#Kapustinskiy and others #Thermal Constants of Inorganic Sub J 

stance s,Izdat».^kadexnii Hauk SSSB,1949 / 

11# W#Klea=i; Lattice Energy and 3ond-Ccndition, Journ#of Ihys#Chcm0d#l-29l931 , | 

12# N#N#I)obrokhotov, Use of Thermodynamics in iiet 0 llurar»Izdat#Akad#Hauk LTcr-SSR 195 l5 ' 
13 #’W.J, Kroll, Angydrous fluorides .in metallurgy,"!.!etal Industry", Vol.S3, . 

Nr. 5, 8, 1953 . 

14 .l\e .Sibert and ?J,A, SteinTserg, The current status of research and fevelop 
ment on electrolytic t.itaniurai, "Jourral of !fietalst, Vol, 8, Nr, 9, 1956* 


ft:>.'T>63-22A”« 






15»: Chlorine metallurgy,: ”yetal Indus tr>'^ Vo 1. 8]^lTr, 13, 1952. 

16» S^M«Gur©Tich#2ffect of Veldirig Conditions oii the Jiear Seazu Zone of Technical 
Titaz4.ua .ATtce5aticheska;^'a Srarka 1^0*2,1956 

!?• p.M*Babr:in« Certain Characteristics of autooatic Welding of Alussinua and its 
alleys, ATtoaaticheskaya Svarica,!^ 2, 195^ 

13, The Ye.O.^tton Hlectrowelding lnst,of the Icad.of &,Ulcr«S3,^eferace book 
on Slectroarc voiding under Flux, i-fcsh^z 1957 ‘ 

19* *w*I*Rykalin,Calculating Theraai Irocesses during ’ eldi^,^liashgi2,1931 

20, i'ietallophysics Encyclopedia' 1937 

21, C,J,Smithells,' I^etal reference hooR London, 1955* 

22 P* Ihjwez^ The martensite transformation temperature in titanium binary 
allous, "Transacifion-of ASm^ Vol. XLV, 1953. 


Submitted 8, 1937 




FTIVT5V6>22/1^2 


16 



■LISTRIBUTICS LIST 


DEPARli'EiT OF-DEFESffi , Kr* Copies 


KEAUaCARTERS USAF 


AFCIN-3D2 
ABL (ABB) 


MAJOR AIR COMMANDS 


Kr. Copies 


AFSC 

SCFDD 

ASTIA 

TDBTL 

TDBDP 

AFMDC (MDF) 

asd (asyim) 


1 

2 ? 

5 

5 

1 

1 


OTHER AGENCIES 


CIA 

NSA 

DIA 

AID 

OTS 

AEG 

PUS 

NASA 

uaa 

. NAVI 
NAFEC 
RAND 


1 

6 

9 

2 

2 

2 

1 

1 

3 

3 

1 

1 




P2D-TT- 63-2^1+2 


17 



